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O B J E C T I V E S In this substudy of the PROSPECT (Providing Regional Observations to Study
Predictors of Events in the Coronary Tree) study, we examined the longitudinal distribution of
atherosclerotic plaque burden, virtual histology–intravascular ultrasound (VH-IVUS) characterized ne-
crotic core (NC) content and VH–thin-cap ﬁbroatheroma (TCFA) distribution in nonculprit lesions of
patients presenting with acute coronary syndromes.
B A C KG ROUND Previous analyses suggested that vulnerable plaques and acute myocardial
infarction may occur more frequently in the proximal than the distal coronary tree.
METHOD S A total of 4,234 proximal, mid, and distal 30-mm-long segments of each epicardial
coronary artery were compared with each other and to the left main coronary artery (LMCA).
R E S U L T S Combining IVUS data from all 3 arteries, there was a gradient in plaque burden from the
proximal (42.4%) to mid (37.6%) to distal (32.6%) 30-mm-long segments (p  0.0001). Overall, 67.4% of
proximal, 41.0% of mid, and 29.7% of distal 30-mm-long segments contained at least 1 lesion (plaque burden
40%). Proportion of NC, however, was similar in the proximal and mid 30-mm-long segments of all arteries
(10.3% [interquartile range (IQR): 4.8% to 16.7%] vs. 10.6% [IQR: 5.0% to 18.1%], p 0.25), but less in the distal
30-mm-long segment (9.1% [IQR: 3.7% to 17.8%], p  0.03 compared with the proximal segment and p 
0.003 compared with the mid segment). Overall, 17.3% of proximal, 11.5% of mid, and 9.1% of distal
30-mm-long segments had at least 1 lesion that was classiﬁed as VH-TCFA (p 0.0001). Comparing the LMCA
with the combined cohort of proximal left anterior descending, left circumﬂex, and right coronary artery
30-mm-long segments: 1) plaque burden was less (35.4% [IQR: 28.8% to 43.5%] vs. 40.9% [IQR: 33.3% to 48.0%],
p 0.0001); 2) fewer LMCAs contained at least 1 lesion (17.5%, p 0.0001); 3) there was less NC (6.5% [IQR: 2.9%
to 12.2%] vs. 9.3% [IQR: 4.3% to 15.9%], p 0.0001); and 4) LMCAs rarely contained a VH-TCFA (1.8%, p 0.0001).
CONC L U S I O N S The current analysis appears to conﬁrm that lesions that are responsible for acute
coronary events (large, plaque burden–rich in NC) are somewhat more likely to be present in the
proximal than the distal coronary tree, except for the LMCA. (J Am Coll Cardiol Img 2012;5:S10–8)
© 2012 by the American College of Cardiology Foundation
From the *Thoraxcenter, Erasmus Medical Center, Rotterdam, the Netherlands; †Academic Medical Center, Amsterdam, the
Netherlands; ‡CardiovascularResearch Foundation, New York Presbyterian Hospital, Columbia University Medical Center,
P
S
s
t
f
n
t
c
t
m
s
t
n
d
a
l
m
s
M
a
v
g
p
f
(
d
w
a
e
d
f
m
i
(
c
b
T
t
V
d
(
r
F
*
r
D
I
t
V
t
M
virtual histology
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 5 , N O . 3 , S U P P L S , 2 0 1 2
M A R C H 2 0 1 2 : S 1 0 – 8
Wykrzykowska et al.
Longitudinal Atherosclerosis Distribution
S11T
he majority of acute coronary syndromes are
caused by coronary plaque rupture at the site
of a thin-cap fibroatheroma (TCFA) with
subsequent local thrombosis (1,2). The
ROSPECT (Providing Regional Observations to
tudy Predictors of Events in the Coronary Tree)
tudy was the first multicenter, natural history study
hat employed angiography and grayscale and radio-
requency virtual histology-intravascular ultrasound
See page S39
(VH-IVUS) to relate site-specific quantitative and
qualitative measures of coronary disease to major
adverse cardiac events at 3 years (3). In this sub-
study of the PROSPECT study, we examined the
longitudinal distribution of atherosclerotic plaque
burden, nonculprit lesions, VH-IVUS necrotic core
(NC) content, and TCFA plaque phenotype in
patients presenting with an acute coronary syn-
drome (ACS).
M E T H O D S
Patient population and IVUS image acquisition.
The enrollment criteria and the methodology of the
PROSPECT study have been previously described
in detail (3). In brief, 697 patients with ACS who
underwent successful percutaneous coronary inter-
vention of all lesions responsible for the ACS event
and other angiographically significant stenoses (cul-
prit lesions) underwent grayscale and VH-IVUS
examination of the proximal 6 to 8 cm of the
coronary vessels. Imaging was performed using a
synthetic aperture array, 20 MHz, 3.2-F catheter
(Eagle Eye, Volcano Corporation, Rancho Cor-
dova, California). During a motorized catheter
pullback at 0.5 mm/s, grayscale IVUS was recorded,
and radiofrequency data were captured gated to the
R-wave (In-Vision Gold, Volcano Corporation). In
contrast to conventional grayscale IVUS, VH-
IVUS uses spectral analysis in addition to amplitude
analysis to classify plaque into 4 components: NC,
New York, New York; §Complejo Hospitalario Universitario de Vigo, V
rance; ¶Yale University School of Medicine, New Haven, Connecticut;
*Cardiovascular Center, OLV Hospital, Aalst, Belgium. This work was
eceived research grant support from and is a consultant for Volcano Corporatio
r. Maehara has received research/grant support from Boston Scientific Corporat
nguez is a consultant for Abbott. Mr. Templin and Dr. Zhang are employees o
he scientific advisory boards for and has received honoraria from Boston Scientifi
olcano and InfraReDx; and is a consultant to Medtronic, Abbott Vascular, Bost
hat they have no relationships relevant to the contents of this paper to disclose.anuscript received August 10, 2011; revised manuscript received Decemfibrofatty plaque, fibrotic plaque, and dense cal-
cium. This classification has been correlated to
histological samples with high specificity and sen-
sitivity (4).
Image analysis. Qualitative and quantitative coro-
ary angiographic assessment of the entire length of
he coronary tree was performed at an independent
ore laboratory (Cardiovascular Research Founda-
ion, New York, New York) using a proprietary
ethodology modified from standard Medis CMS
oftware (version 7.0, Leiden, the Netherlands);
his analysis included each major epicardial coro-
ary artery and every side branch 1.5 mm in
iameter. This 3-vessel angiographic analysis served
s a roadmap to identify each lesion on the basis of
ongitudinal axis location (mm). The
ethodology and classification of the le-
ions is described in this issue of iJACC by
aehara et al. (5).
All IVUS images were also analyzed at
n independent core laboratory (Cardio-
ascular Research Foundation). Offline
rayscale and VH-IVUS analyses were
erformed using: 1) QCU-CMS (Medis)
or contouring; 2) pcVH 2.1 software
Volcano Corporation) for contouring and
ata output; and 3) proprietary qVH soft-
are for segmental qualitative assessment
nd quantitative data output. External
lastic membrane (EEM) and lumen bor-
ers were contoured for all recorded
rames (median interslice distance  0.40
m). Quantitative IVUS measurements
ncluded EEM, lumen, plaque and media
P&M, defined as EEM minus lumen)
ross-sectional area (CSA), and plaque
urden (P&M divided by EEM CSA).
he slice with minimal lumen CSA and
he slice with maximum NC CSA were identified.
H-IVUS plaque components were color coded as
ense calcium (white), NC (red), fibrofatty plaque
light green), and fibrotic plaque (dark green) and
eported as CSA and percentages of total plaque
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ed by Abbott Vascular Corporation. Dr. Mintz has
d has received grant support from Boston Scientific.
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S12CSA (4). Volumetric data were calculated using
Simpson’s rule and normalized for analysis length.
A lesion was defined as a segment with 3 consec-
utive frames with 40% plaque burden, and each
lesion was classified as: 1) VH-TCFA; 2) thick-cap
fibroatheroma; 3) pathological intimal thickening;
4) fibrotic plaque; or 5) fibrocalcific plaque (3,6).
Grayscale and VH-IVUS frames were co-registered
to the angiographic roadmap using fiduciary branch
points to align the imaging modality outputs. Based
on motorized transducer pullback, the left anterior
descending (LAD), left circumflex (LCX), and
right coronary (RCA) arteries were divided into
30-mm-long segments beginning at the ostium of
each vessel. Lesions were assigned to proximal, mid,
or distal 30-mm-long segments depending on the
location of the minimum lumen CSA. When as-
sessing the longitudinal distribution of IVUS-
identified lesions, distances were measured from the
racteristics
58.1 [50.5–66.6]
167/697 (24.0%)
119/694 (17.2%)
21/694 (3.0%)
327/673 (48.6%)
328/687 (47.7%)
320/691 (46.3%)
279/632 (44.1%)
tion 73/693 (10.5%)
ary artery disease 276/616 (44.8%)
7.0 [5.0–9.0]
onary intervention 77/696 (11.1%)
n myocardial infarction 211/697 (30.3%)
vation myocardial infarction 457/697 (65.6%)
h ECG changes 29/697 (4.2%)
2 27.9 [25.1–31.2]
l 170.0 [149.0–198.0]
93.6 [62.6–121.4]
l 38.6 [33.0–45.0]
124.0 [88.6–177.1]
5.8 [5.3–6.2]
learance, ml/min 97.8 [76.4–123.6]
tive protein, mg/dl 7.2 [2.5–18.9]
ronary arteries (core laboratory), n
149/697 (21.4%)
283/697 (40.6%)
265/697 (38.0%)
intervention performed 507/697 (72.7%)
intervention performed 190/697 (27.3%)
artile range] or n/N (%).
; HDL  high-density lipoprotein; LDL  low-density lipoprotein.ostium of the coronary artery to the minimumlumen slice. When assessing longitudinal distribu-
tion of VH-TCFAs, distances were measured from
the ostium of the coronary artery to the slice with
the greatest amount of NC within the VH-TCFA–
containing lesion. The left main coronary artery
(LMCA) was analyzed separately.
Statistical analysis. Categorical variables are pre-
sented using frequencies and percentages and com-
pared using chi-square statistics, and continuous
variables are presented as median (interquartile
range [IQR]) and compared using the Mann-
Whitney U test. All statistical analyses were per-
ormed using SAS version 9.1.3 (SAS Institute,
ary, North Carolina).
R E S U L T S
Baseline characteristics of the 697 patients enrolled
in the study are shown in Table 1. Briefly, the
median age of the patients was 58.1 years, 24% were
women, and 17.2% had diabetes.
Plaque burden gradient. Overall, 4,234 coronary ar-
ery segments, each 30 mm long, were assessed
sing grayscale IVUS. In the combined analysis of
,234 segments, EEM CSA measured 13.09 [IQR:
.88 to 17.57] mm2, P&M CSA measured 5.08
[IQR: 2.87 to 7.69] mm2, and plaque burden
measured 38.7% [IQR: 30.6% to 46.6%].
Combining IVUS data from all 3 arteries, there
was a gradient in the median plaque burden from
the proximal (42.43%) to the mid (37.58%) to the
distal (32.59%) 30-mm-long segments (p 
0.0001) (Table 2). This gradient was also main-
tained especially in the LAD and LCX (both p 
0.0001). Comparing the LAD versus the LCX
versus the RCA, plaque burden in the proximal
30-mm-long segment was greatest in the LAD (vs.
the LCX and RCA), whereas plaque burden in the
middle and distal 30-mm-long segments was great-
est in the RCA (vs. the LAD and LCX) (Table 3).
Lesion gradient. Overall, by grayscale IVUS, there
were 2,645 lesions: 1,463 in proximal 30-mm-long
segments, 773 in mid 30-mm-long segments, and
409 in distal 30-mm-long segments. The median
distance from the coronary ostium to the minimum
lumen area site measured 27.4 [IQR: 11.2 to 47.8]
mm. Overall, 67.4% of proximal 30-mm-long seg-
ments, 41.0% of mid 30-mm-long segments, and
29.7% of distal 30-mm-long segments contained at
least 1 lesion. However, the proximal to distal lesion
gradient was least in the RCA compared with theTable 1. Baseline Cha
Age, yrs
Female
Diabetes mellitus
Insulin requiring
Metabolic syndrome
Current cigarette use
Hypertension
Hyperlipidemia
Prior myocardial infarc
Family history of coron
Framingham risk score
Prior percutaneous cor
Clinical presentation
ST-segment elevatio
Non–ST-segment ele
Unstable angina wit
Body mass index, kg/m
Total cholesterol, mg/d
LDL cholesterol, mg/dl
HDL cholesterol, mg/d
Triglycerides, mg/dl
Hemoglobin A1C
Estimated creatinine c
High-sensitivity C-reac
Diseased epicardial co
1
2
3
1-vessel percutaneous
2-vessel percutaneous
Values are median [interquLAD and LCX, with no difference in lesion density
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S13present between the mid and distal RCA segments
(Table 4).
NC gradient. Overall, 3,466 coronary artery seg-
ments, each 30 mm long, were assessed using
VH-IVUS. In the combined analysis of all 3,466
segments, the proportion of NC measured 10.3%
[IQR: 4.6% to 17.4%], dense calcium measured
3.9% [IQR: 1.5% to 8.6%], fibrofatty plaque mea-
sured 20.4% [IQR: 12.6% to 29.9%], and fibrotic
plaque measured 60.2% [IQR: 53.8% to 66.0%].
Combining VH-IVUS analysis from all 3 arter-
ies, the proportion of NC was similar in the
proximal and mid 30-mm-long segments (10.3%
[IQR: 4.8% to 16.7%] vs. 10.6% [IQR: 5.0% to
18.1%], p  0.25), but was somewhat less in the
distal 30-mm-long segment (9.1% [IQR: 3.7% to
17.8%], p  0.03 compared with the proximal
Table 2. Grayscale and VH-IVUS Analysis Combining All 3 Vesse
Proximal
0–30 mm
Grayscale IVUS n  1,683
EEM volume, mm3/mm 16.24 [13.12–20.03]
P&M volume, mm3/mm 6.85 [5.06–9.10]
Plaque burden, % 42.4 [35.1–49.2]
VH-IVUS, % n 1,481
Necrotic core volume 10.3 [4.8–16.7]
Dense calcium volume 4.1 [1.7–8.7]
Fibrofatty plaque volume 58.6 [52.9–63.6]
Fibrotic plaque volume 22.6 [14.7–31.6]
Values are median [interquartile range].
EEM  external elastic membrane; IVUS  intravascular ultrasound; P&M  p
Table 3. Volumetric Grayscale IVUS Analysis
Proximal
0–30 mm
EEM volume, mm3/mm
LAD 16.54 [13.86–19.57] (n 585) 10.01
LCX 13.79 [10.91–17.31] (n 588) 9.11
RCA 18.81 [15.58–22.92] (n 510) 16.46
p value 0.0001
P&M volume, mm3/mm
LAD 7.56 [6.04–9.64]
LCX 5.31 [3.67–7.10]
RCA 7.94 [5.92–10.23]
p value 0.0001
Plaque burden, %
LAD 46.2 [40.1–53.0]
LCX 39.3 [31.5–45.7]
RCA 41.4 [33.8–48.3]
p value 0.0001
Values are median [interquartile range].
LAD  left anterior descending coronary artery; LCX  left circumﬂex coronary arsegment and p  0.003 compared with the mid
egment) (Table 2). A similar pattern was seen
hen the LAD, LCX, and RCA were assessed
eparately (Table 5). Comparing the LAD versus
he LCX versus the RCA, percent NC was
reatest in the LAD in each 30-mm-long seg-
ent (Table 5).
VH-TCFA gradient. Overall, there were 609 VH-
CFA–containing lesions: 314 in proximal 30-
m-long segments, 191 in mid 30-mm-long seg-
ents, and 104 in distal 30-mm-long segments. In
hese lesions, the percent NC measured 21.8%
IQR: 15.9% to 27.2%], and the distance from the
oronary ostium to the maximum NC site measured
8.8 [IQR: 13.3 to 46.7] mm.
Overall, 18.9% of the 1,492 proximal 30-mm-long
egments, 12.5% of the 1,375 mid 30-mm-long
Mid
30–60 mm
Distal
60–90 mm p Value
n  1,548 n  1,003
1.25 [8.13–15.65] 9.02 [6.47–13.24] 0.0001
4.24 [2.60–6.80] 2.93 [1.79–4.85] 0.0001
37.6 [30.1–46.0] 32.6 [26.8–40.458] 0.0001
n 1,257 n 728
10.6 [5.0–18.1] 9.1 [3.7–17.8] 0.01
4.1 [1.5–9.1] 3.3 [0.9–8.1] 0.0004
61.1 [54.1–66.7] 63.1 [56.2–69.7] 0.0001
18.1 [11.4–28.3] 17.9 [11.1–28.0] 0.0001
e and media; VH-IVUS  virtual histology-intravascular ultrasound.
Mid
0–60 mm
Distal
60–90 mm p Value
6–12.88] (n 539) 7.43 [5.89–9.15] (n 380) 0.0001
4–12.08] (n 530) 7.89 [4.96, 9.71] (n 238) 0.0001
.83–20.63] (n 479) 13.64 [10.29–17.42] (n 385) 0.0001
0.0001 0.0001
6 [2.52–5.57] 2.17 [1.62–3.10] 0.0001
3 [1.90–4.87] 2.04 [1.40–3.45] 0.0001
6 [4.70–9.27] 4.82 [3.35–7.27] 0.0001
0.0001 0.0001
.9 [30.4–45.8] 30.2 [26.1–36.5] 0.0001
.7 [27.9–43.6] 30.9 [26.3–38.0] 0.0001
.7 [32.7–48.1] 36.9 [29.4–45.2] 0.0001
0.0001 0.0001ls
13
[7.7
[6.5
[12
3.5
3.1
6.8
36
34
41tery; RCA  right coronary artery; other abbreviations as in Table 2.
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S14segments, and 9.1% of the 899 distal 30-mm-
long segments had at least 1 lesion that was
classified as a VH-TCFA. However, the proximal
to distal VH-TCFA–containing lesion gradient
was significant only in the LAD and LCX, but not
in the RCA (Table 6). Because lesions classified as
a VH-TCFA were equally distributed in the proxi-
mal, mid, and distal RCA, VH-TCFA lesions were
more common in the distal RCA than in the distal
LAD or LCX. Figure 1 illustrates VH-TCFA distribu-
tion along the 3 main coronary arteries every 10 mm.
LMCA versus proximal segments of the LAD, LCX, and
RCA. Comparing the LMCA (n  550) to the
ombined cohort of proximal LAD, LCX, and
CA 30-mm-long segments (n  2,233) imaged
sing grayscale IVUS analysis, the EEM CSA
23.77 [IQR: 20.54 to 27.58] mm2 vs. 18.08 [IQR:
4.15 to 22.83] mm2, p  0.0001) and P&M CSA
ere larger (8.49 [IQR: 6.38 to 10.80] mm2, p 
0.0001); however, plaque burden was less (35.4%
[IQR: 28.8% to 43.5%] vs. 40.9% [IQR: 33.3% to
48.0%], p  0.0001) in the LMCA than in the
proximal segments of the other epicardial arteries.
This was also true when the LMCA was compared
with the proximal 30 mm of the LAD, LCX, and
RCA separately (all p  0.0001). Overall, 17.5%
(n  96) of the 550 LMCA segments contained at
east 1 lesion compared with 67.4% of the 1,683
roximal 30-mm-long segments of the LAD, LCX,
nd RCA (p  0.0001).
Comparing the LMCA (n  496) to the com-
ined cohort of proximal LAD, LCX, and RCA
0-mm-long segments (n  1,974) imaged using
H-IVUS analysis, the LMCA had a smaller
roportion of NC (6.5% [IQR: 2.9% to 12.2%] vs.
.3% [IQR: 4.3% to 15.9%], p 0.0001) and dense
alcium (2.0% [IQR: 0.6% to 4.6%] vs. 3.5% [IQR:
.3% to 7.7%], p  0.0001), but more fibrofatty
laque (30.1% [IQR: 21.8% to 40.5%] vs. 24.3%
IQR: 15.8% to 34.6%], p  0.0001) and fibrotic
laque (56.9% [IQR: 51.2% to 62.9%] vs. 58.3%
IQR: 52.3% to 63.4%], p  0.004) than the
bution
Proximal
0–30 mm
Mid
30–60 mm
Distal
60–90 mm p value
45/585 (76.1%) 221/539 (41.0%) 79/380 (20.8%) 0.0001
63/588 (61.7%) 181/530 (34.2%) 35/238 (14.7%) 0.0001
26/510 (63.9%) 234/479 (48.9%) 184/385 (47.8%) 0.0001
0.0001 0.0001 0.0001
3.roximal segments of the other 3 epicardial arteries. rhis was also true when the LMCA was compared
ith the proximal 30 mm of the LAD, LCX, and
CA separately (all p  0.0001). Overall, only
.8% (n  9) of 496 LMCA segments contained a
esion that was classified as a VH-TCFA compared
ith 18.9% of the 1,492 proximal 30-mm-long
egments of the LAD, LCX, and RCA (p 
.0001).
D I S C U S S I O N
The main findings of this PROSPECT substudy
are the following: a gradient was observed in the
degree of plaque burden, lesion distribution, per-
cent NC, and VH-TCFA frequency from proximal
to distal in the 3 major epicardial coronary arteries
that was greatest in the LAD and LCX and least in
the RCA. The LMCA had a smaller plaque bur-
den, less NC, fewer lesions, and fewer VH-TCFAs
compared with the proximal 30 mm of the LAD,
LCX, and RCA.
Plaque burden, lesion, NC, and VH-TCFA gradients
among the LAD, LCX, and RCA. Previous autopsy,
ngiographic, IVUS, and optical coherence tomog-
aphy analyses have reported that atherosclerosis
ccumulates to a greater degree in the proximal than
he distal coronary tree (7–14). Other retrospective
tudies have suggested that symptomatic coronary
rtery occlusions also have a proximal coronary
redominance. Gibson et al. (11) showed that the
rst 60 mm of the coronary artery contained 75% of
ulprit ST-segment elevation myocardial infarction
STEMI) lesions, with the median distance being
oughly similar in the LAD (40 mm), LCX (43
m), and RCA (47 mm). Wang et al. (12) reported
hat acute coronary occlusions are preferentially
ocated in the proximal third of each of the major
picardial arteries, decreasing distally in all 3 vessels
uch that the risk diminished by 30% per 10-mm
egment in the LAD, 26% per 10-mm segment in
he LCX, and 13% per 10-mm segment in the
CA. Conversely, Hong et al. (13), using grayscale
-vessel IVUS analysis, and Fujii et al. (14), using
-vessel optical coherence tomography, reported
hat plaque ruptures and TCFAs were more dif-
usely and distally distributed in the RCA than the
AD or LCX. This disparity between the clinical
nd IVUS/ optical coherence tomography studies
ay be attributed to the paucity of branches in the
CA; the limited number of branches in the RCA
ay allow retrograde propagation of thrombus fromTable 4. Lesion Distri
Segments With
at Least 1 Lesion
LAD 4
LCX 3
RCA 3
p Value
Values are n/N (%).uptured TCFAs in the distal RCA, thereby angio-
c
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S15graphically appearing as a mid or proximal RCA
occlusion.
The present prospective study confirms and ex-
tends the results of these prior studies, verifying that
the absolute and relative amount of plaque burden,
number of lesions, proportion of necrotic core, and
VH-TCFA plaque phenotypes is greatest in the
proximal coronary tree, intermediate in the mid
coronary tree, and least in the distal coronary tree,
except in the RCA, where the gradient of each
high-risk plaque measure is more evenly distrib-
uted. The proximal to distal vulnerable plaque
gradient is not just an imaging curiosity. In 2
myocardial infarction studies, proximal lesions were
associated with a higher incidence of in-hospital
mortality compared with mid or distal lesions,
Table 5. Volumetric VH-IVUS Analysis
Proximal
0–30 mm
Necrotic core volume, %
LAD 12.7 [7.3–18.1] (n 521) 1
LCX 9.0 [4.3–15.9] (n 505) 1
RCA 8.6 [3.4–15.0] (n 455)
p Value 0.0001
Dense calcium volume, %
LAD 5.9 [2.8–10.4]
LCX 3.5 [1.5–8.1]
RCA 3.2 [1.2–7.0]
p Value 0.0001
Fibrotic plaque, %
LAD 58.3 [52.5–63.6]
LCX 58.7 [53.4–64.1]
RCA 58.7 [53.1–63.1]
p Value 0.27
Fibrofatty plaque, %
LAD 19.7 [13.2–27.2]
LCX 23.8 [15.8–32.6]
RCA 25.2 [16.8–35.3]
p Value 0.0001
Values are median [interquartile range].
Abbreviations as in Tables 2 and 3.
Table 6. VH-TCFA–Containing Lesion Distribution
Segments With at Least
1 VH-TCFA–Containing Lesion
Proximal
0–30 mm
LAD 126/521 (24.2%)
LCX 78/514 (15.2%)
RCA 78/457 (17.1%)
p value 0.0005
Values are n/N (%).
VH-TCFA  virtual histology thin-cap ﬁbroatheroma; other abbreviations as in Tabpresumably because of the greater amount of myo-
cardium affected (15,16).
LMCA. Previous intravascular imaging studies have
ompared the LMCA with the proximal LAD,
howing a reduced percent NC and frequency of
H-TCFA lesion phenotype in the LMCA
17,18). The current study extends this analysis to a
omparison of the LMCA to the proximal 30-mm-
ong segment of each of the 3 epicardial arteries, not
ust to the LAD. In patients with established
therosclerosis, but who do not have symptoms
eferable to the LMCA, the plaque burden, percent
C, and number of lesions and VH-TCFAs are
ess in the LMCA than in the proximal 30-mm-
ong segments of the other 3 coronary arteries. The
elative paucity of high-risk plaque is consistent
Mid
30–60 mm
Distal
60–90 mm p Value
6.3–19.8] (n 488) 11.0 [4.2–19.6] (n 266) 0.02
4.6–18.2] (n 388) 9.4 [4.5–16.1] (n 141) 0.15
4.1–16.4] (n 421) 7.9 [3.4–17.1] (n 321) 0.36
0.0001 0.07
4.8 [1.8–11.2] 3.63 [0.9–10.9] 0.0005
4.2 [1.3–8.4] 2.68 [0.3–7.7] 0.05
3.4 [1.4–7.1] 3.1 [1.07–7.47] 0.40
0.002 0.14
0.5 [52.6–66.4] 63.1 [55.6–70.7] 0.0001
2.3 [55.3–68.1] 64.6 [58.1–70.4] 0.0001
0.7 [54.4–66.2] 62.4 [55.9–68.0] 0.0001
0.04 0.15
7.0 [10.6–25.9] 14.8 [8.8–25.4] 0.0001
7.2 [10.1–26.6] 19.5 [11.4–26.3] 0.0001
1.2 [13.7–31.3] 20.4 [12.9–30.1] 0.0001
0.0001 0.0002
Mid
30–60 mm
Distal
60–90 mm p Value
52/480 (10.8%) 21/341 (6.2%) 0.0001
55/465 (11.8%) 12/213 (5.6%) 0.002
65/430 (15.1%) 53/345 (13.8%) 0.69
0.13 0.00012.0 [
0.6 [
8.8 [
6
6
6
1
1
2le 3.
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S16with: 1) the CASS (Coronary Artery Surgery
Study), which found asymptomatic LMCA lesions
in a minority (1,477 of 20,137) of patients (19); 2)
the observation of Wang et al. (12) who reported
only 1 LMCA acute occlusion out of 208 patients
presenting with an acute STEMI; and 3) recent
studies of Pappalardo et al. (20), who reported that
only 48 of 5,261 STEMI/non-STEMI patients
presented with an LMCA culprit lesion, and Pe-
drazzini et al. (21), who reported that only 348 of
9,075 STEMI patients presented with an LMCA
culprit lesion.
Determinants of atherosclerotic plaque distribution.
The current descriptive study does not explain the
mechanisms underlying the development, distribu-
tion, and morphology of atherosclerotic plaque. In
this regard, several conflicting observations are
worth noting. First, atherogenesis and progression
cannot just be a function of longitudinal vessel
location. The fact that the extent of atherosclerosis
and NC is greater proximally than distally only
applies consistently to the LAD and LCX, and not
to the RCA. Furthermore, it does not explain the
findings that less atherosclerosis and NC develop in
the LMCA than the proximal LAD, LCX, and
RCA. Second, vessel size cannot explain all the
observations in the present study. The LAD and
Figure 1. Distribution of VH-Thin Cap Fibroatheromas
The distribution, deﬁned as the distance from the coronary ostium
descending coronary artery (LAD), left circumﬂex coronary artery (LCX)
NC  necrotic core; VH  virtual histology.LCX taper more than the RCA, as does the degreeof plaque burden and number of discrete lesions and
VH-TCFAs; in the current analysis, more disease
and unstable plaque morphology were observed in
larger segments (larger mean EEM CSA) than in
smaller segments (Table 3). On one hand, plaques
in the distal 30-mm-long segment of the RCA are
less severe compared with the proximal LAD and
LCX and more severe compared with the mid LAD
and LCX; similarly, mean EEM CSA in the distal
30-mm-long segment of the RCA is midway between
the proximal and mid segments of the LAD. Plaque
burden, lesion frequency, and VH-TCFA frequency
were thus greater in the distal RCA than in the distal
LAD or LCX. On the other hand, again, the findings
in the LMCA (the coronary artery segment with the
largest EEM CSA) do not support this concept.
Thus, it is not clear whether the differences in
atherosclerosis distribution between the RCA versus
the LAD or LCX or between proximal, mid, and
distal coronary artery segments are due to the greater
tapering of the LAD or LCX, the lack of side
branches in the RCA, different patterns in shear stress
among the 3 vessels (which may also be influenced by
branch points), or the larger size of the distal RCA
compared with the distal LAD or LCX (22–24).
Nevertheless, pathology studies have shown that le-
sions and TCFAs develop and rupture repeatedly at
he site of the maximum necrotic core, is shown in the left anterior
right coronary artery (RCA) divided into 10-mm-long segments.to t
, andlocations within the coronary artery tree to cause
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S17symptomatic coronary thrombosis or, if silent, to
frequently result in disease progression (25).
Study limitations and analytical considerations. The
current analysis used plaque burden, rather than the
absolute P&M CSA, as a measure of atherosclerotic
plaque burden; P&M CSA correlates with vessel
size (EEM CSA), whereas plaque burden normal-
izes P&M CSA for the vessel size. Similarly, the
current study emphasized percent NC rather than
absolute NC CSA, which correlates with P&M
CSA and introduces bias for vessel size (26).
Lesions were assigned to specific segments according
to the location of the minimum lumen slice. Because
lesion length measured 11.5 [IQR: 5.7 to 21.6] mm,
lesions could extend from 1 segment to another;
however, lesions tend to have a unique minimum
lumen slice (27). Patients were enrolled after success-
ful percutaneous coronary intervention treatment of
the culprit lesion(s); culprit lesions were not assessed
using grayscale or VH-IVUS and were not included in
the current analysis. Thus, the present study findings
apply to plaque and NC distribution likely to contrib-
ute to future events, as demonstrated in the PROS-
PECT study (3). There were more proximal and mid
30-mm-long segments than distal 30-mm-long seg-acquisition, analysis, interpretation
1
1
tential prevention owere not studied, and thus no implications can be
drawn regarding the distribution and morphology of
atherosclerosis at bifurcation lesions.
C O N C L U S I O N S
The current analysis from the prospective PROSPECT
study has demonstrated the proximal predominance of
large plaques with large N and VH-TCFAs in
the LAD and LCX, the diffuse nature of such
plaques in the RCA, and the relative paucity of
high-risk plaque in the LMCA. As such, lesions
pathologically and clinically (3) have been shown
to represent vulnerable plaque, the lesions that
are responsible for ACS including ST-segment
elevation and non–ST-segment elevation ACS,
these findings reconcile previous conflicting an-
giographic and pathological reports regarding the
location of acute myocardial infarction and cor-
onary thrombosis, and underscore the coronary
regions at greatest risk for future coronary events.
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